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PRODUCTS OF SODIUM HYDROXIDE AmD C H R O "  METAL 

By G. D . Wagner 

Cooling  curves were e s t a b l i s h e d   f o r  melts of sodium hydroxide that 
had been  reacted w i t h  up t o  20-percent-by-weight  additions o f  chromium 
metal f o r   v a r y i n g   t i m e s  a t  820° C (1500' P) . For any given time at tem- 
p e r a t u r e ,  the depression of  the f r e e z i n g   p o i n t  o f  the hydroxide was i n -  
c reased  with inc reas ing  chromium Concentration. This depression  dlmin- 
i shed  with i n c r e s s i n g   r e a c t i o n  time. A . e u t e c t i c  of the hydroxide  and 
some reac t ion   p roduc t  was observed at 289Ofr3' C. This e u t e c t i c  was not 

times. These r e s u l t s  are expla ined  on the msumption that gradual  loss 
of the i n i t i a l   r e a c t i o n   p r o d u c t s  of chromium by some Wther r e a c t i o n  
r e s u l t s   i n  their  r e m "  f r o m  the m e l t .  

k 

4 ev iden t  a t  low chromium concentrat ions  and  disappeared a t  long r e a c t i o n  

INTRODUCTION 

The benef ic fa l   ac t ion   of   chrmiurn  metal in   r educ ing  mass t r a n s f e r  
in a sodium  hydroxide - n i c k e l  system at high temperature  (820° C o r  
1500' F) has been   es tab l i shed  (refs. 1 and 2) .  It is now d e s i r a b l e  t o  
know more  about the chemical r e a c t i o n s   t a k i n g  place between the hydrox- 
ide  and chromlum and how these r e a c t i o n s   o r  their products  affect the 
t r a n s f e r   p r o c e s s .  It is also n e c e s s a r y   t o  know how they affect the 
p r o p e r t i e s   o f  the bulk unreacted  sodium  hydroxide.   In  general ,  there 
are three ways t o   a p p r o a c h  the s tudy of such 8 system: (I) examination 
o f  the molten  and gaseous products  at some high temperature, perhaps the 
react ion  temperature;   (2)   examinat ion  of  the s o l i d i f i e d  melt; and 
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(3) examination of the  solutions  and  residues  formed when the s o l i d l f i e d  
melt is d i s so lved   i n   app ropr i a t e   so lven t s .  It is probable that informa- 
t ion  gathered  f rom all t hese . sou rces  will be needed to   unde r s t and  the 
reac t ions   and  their  effects on the mass-transfer  process.  

Presented i n  t h i s  r e p o r t  are the r e s u l t s  of the thermal a n a l y s i s  of 
sodium  hydroxide reacted in   n i cke l   con ta ine r s   unde r  s ta t ic  cond i t ions  a t  
a reac t ion   tempera ture  of 820° C (1500O F) f o r   v a r i o u s  times and with 
varying  amounts of added chromium metal. I n  p a r t i c u l a r ,   t h e  effect of 0, 

the reac t ion   products  on the f r e e z i n g   p o i n t  of sodium  hydroxide is given, 03 
and an  exp lana t ion   fo r  the changes  noted in t he  s o l i d i f y i n g  melt is 
presented.  

N 
K) 

The f a b r i c a t i o n  of n i c k e l   c o n t a i n e r s ,  the handling  and  treatment of 
sodium  hydroxide  prior t o   h e a t i n g   t o   r e a c t i o n   t e m p e r a t u r e ,   a n d  the pro- 
cedure for adding chromium metal ( in  the form of 325 mesh powder)  have 
been described p rev ious ly  ( ref .  3). The t o t a l  w e i g h t  of mate r i a l   p l aced  
in   each   con ta ine r  was 13.00 grams bl.0 p e r c e n t   e r r o r  i n  the   weight  of 
sodium  hydroxide). The high-temperature  furnace, i ts  controls ,   and a 
h o l d e r   f o r  the n icke l   conta iners ,   which  were used t o  carry out the re- 
a c t i o n  a t  820' C, are a l s o  described i n  r e fe rence  3. A f t e r  the r e a c t i o n  
proceeded  for  a given   length  of time, the con ta ine r s  were removed from 
the  furnace  and  quenched.  Before each cooling run was made, the thermo- 
couples w e r e  removed  and the heavy oxide coating, which forms on the  
s u r f a c e  of  the con ta ine r  a t  the  high temperature,  was ground o f f   u n t i l  
t h e  base metal w&s exposed. A new thermocouple was spo t   we lded   t o   t he  
s i d e  of each   . conta iner  1/4 inch from the bottom. 

Cooling curves   fo r  the va r ious  melts Were then made in the follow- 
i n g  manner: The con ta ine r s  were suspended in the c e n t e r  of a t u b e   f u r -  
nace,   12 inches long, w i t h  a 3- inch  inside diameter ( f i g .  l). The fur- 
nace was  h e a t e d   u n t i l  the  container   reached a temperature  of  about 
45Oo&2O0 C. The power t o   t h e   f u r n a c e  was t h e n   c u t   o f f ,  and the furnace 
and   conta iner  were allowed t o  cool .  The thermal   e lec t romot ive   force   o f  
the  thermocouple WRS recorded on a recording  potent iometer .  A t  the end 
of each run, t h e   b u c k i n g   p o t e n t f d   s u p p l i e d  t o  the thermocouple  (to  keep 
t h e  emf wi th in   t he   r ange  of  the recorder)   and the recorder c a l l b r a t i o n  
was c h e c k e d   w i t h   m o t h e r   p o t e n t i m e t e r .  A typical cool ing   curve ,  char- 
a c t e r i s t i c  of sodium  hydroxide  with  no  additive,  is shown i n   f i g u r e   2 .  

RESULTS AND DISCUSSIClN 

A l l  observed  t ransi t ion  temperatures  f e l l  within the range of 285' 
t o  325O C. The specific values  of  these temperatures are l is ted in 
table I. All melts w i t h  a chromium a d d i t i o n  of up t o  15 percent by 

t 
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weight exhibit a t r a n s i t i o n ,  b, at 296OSo C. Anothe r   t r ans i t i on  tem- 
pe ra tu re ,  a, ranging  from 321° t o  294' C appears t o   d e c r e a s e  w i t h  in- 
c r e a s i n g  chromium concen t r a t ions  f o r  any  given time at  r e a c t i o n  temper- 
ature. A t h i rd  t r a n s i t i o n ,  c, appears i n  the range 286' t o  292' C f o r  
melts con ta in ing  10 pe rcen t  or more  chromium. As is sham in the cool-  
i n g  curves i n  ffgure 3, the msgnitude of these breaks is much smaller 
t h a n   f o r   t r a n s i t i o n s  a or b . 

Sodium hydroxide is known t o  undergo a s o l i d - p h a s e   t r a n s i t i o n ,  
NaOH$NaO%, at a temperature  20' t o  30' C below its  f r e e z h g   p o i n t .  
Values  found i n  the l i t e r a t u r e  for both the f r e e z i n g  point and the asp 
t r a n s i t i o n   p o i n t  of the  pure  hydroxide are sham i n  the fo l lowing  table: 

I Weez ing   po in t ,  T r a n s i t i o n   p o i n t ,  oc OC 

318.4 299.6 

320 294 

The observed  values for  these temperatures i n  sodium  hydroxide with no 
a a d i t i v e  are shown i n  table I. Their average va lues  are 320' and 296' C. 

Since  each coo l ing   cu rve  was made w i t h  d i f f e r e n t ,   u n c a l i b r a t e d  
thermocouples, the abso lu te   va lues  of the temperatures  are unce r t a in .  
However, the t e m p e r a t u r e   d i f f e r e n c e s   b e t w e e n   t r a n s i t i o n s   f o r  any given 
run would not be affected by this, nor  would they be affected by d i f -  
f e rences  in the welding of each couple.  The tempera ture   d i f fe rences  AT 
between t r a n s i t f o n s  a and b, that is, between the f r eez ing   po in t   and  
the a$J3 s o l i d - p h a s e   t r a n s i t i o n   p o i n t ,  are a l s o  l i s t e d  in table I. 
They provide  a better ind fca t ion   o f  the effect of r eac t ion   p roduc t s  on 
the f r e e z i n g   p o i n t  of sodium  hydroxide  than do the va lues  of the temper- 
a t u r e s  themselves. A t  some  chromium concent ra t ion  greater than 12 per- 
cen t ,  the f r e e z i n g   p o i n t  is Larered t o  E d u e  lees than the  a$p 
so l id -phase   t r ans i t i on   t empera tu re .  This is the case f o r  15- and 20- 
percent-chromium  additions.   The  general  effect of chromium a d d i t i o n s  on 
the f r e e z i n g   p o i n t  is a lawer ing  of its va lue  with iacreasing  amounts  of 
a d d i t i v e .  It should be noted,  however, that this effect diminishes  with 
time at  reac t ion   t empera tu re   ( sham  g raph ica l ly  in f i g s .  3 and 4).  

The th i rd  t r a n s i t i o n   t e m p e r a t u r e ,  c, f289'S0 C) is not  seen a t  
chromium concen t r a t ions  of  5 p e r c e n t   o r  less. In a d d i t i o n ,  it disappears  
after long r e a c t i o n  times a t  higher concent ra t ions .  The most  probable 
exp lana t ion   fo r  this behavior is that a e u t e c t i c   o f  sodium  hydroxide 
and   r eac t ion   p roduc t s   con ta in ing  chromium f reezes   ou t  a t  this tapera- 
ture. Under such a condi t ion ,  the amount o f   e u t e c t i c  formed  would  depend 
on the amount o f   r eac t ion   p roduc t   p re sen t  in the m e l t .  Thus, a t  low 



4 NACA RM E55H08 
* 

i n i t i a l  chromium concent ra t ions   o r  after l o n g   r e a c t i o n  times, t h e  amount 
would be small and i ts  freezing  out   might   not  be detected by the rela- 
t i v e l y  crude techniques employed i n  this study.  

Unreacted chromium metal o r  i n s o l u b l e   p r o d u c t s   r e s u l t i n g  from t h e  
r e a c t i o n  of  chromium with sodium  hydroxide  could  not   affect  the  f i e e z -  
i n g   p o i n t  o f  the hydroxide. It is a l so   appazen t  f r o m  the  observed d a t a  
for sodium  hydroxide  with  no addi t ive that any react ion  products   f rom 
the mass- t ransfer  process do  not  affect its f r e e z i n g   p o i n t .  Its va lue  
remains  unchanged after 240 hours a t  reaction  temperature  even  though 
mass t r a n s f e r  after such long times is very  extensive,  as can be seen in 
X-ray shadowgraphs of the_. con ta ine r s  ( f ig .  5). 

Another   inves t iga t ion  at t h i s   l a b o r a t o r y   i n d i c a t e s  that water ao lu-  
t i o n s   o f  melts remted f o r  up t o  80 hours  contain chromium Fn t h e  “6 . 

valence state (chromate ion) and a small amount i n  the +3 valence state 
(chromite ion). The wa te r - in so lub le   r e s idue   con ta ins   t he   bu lk  of t h e  
reacted chromium, and I s  p r i m a r i l y  some inso lub le  chrmite  compound such 
as sodium  chromite (Na3Cr03) or  chromic  oxide (Cr203) .  With inc reas ing  
r e a c t i o n  times f o r  the m e l t s ,  the water s o l u t i o n s   c o n t a i n   i n c r e a s h g  
amounts of chromate ion. These  observat ions  indicate  that the i n i t i a l  
r e a c t i o n  of chromium metal wi th  sodium  hydroxide  results in the   ox ida-  
t i o n  o f  t h e  metal t o   t h e  +3 valence state. F u r t h e r   r e a c t i o n s  with the 
hydroxide (or some o t h e r  component i n   t h e  system) ox id ize  the +3 valence 
state t o   t h e  “6 valence state, that is, r e s u l t  in the   formation of a 
chromate compound. 

If It is assumed that the main r e a c t i o n s   t a k i n g   p l a c e  i n  t h e  melt 
are t h o s e   l e a d i n g   t o   t h e   o x i d a t i o n  of chromium t o  its highest   valence 
state and -khat the by-product6 of the r e a c t i o n s  play an unimportant role, 
the  observed effects on the  freezing-point  depression  can be accounted 
f o r  i n   e i t h e r  of the fol lowing ways: 

(1) The chromite compound is comple te ly   so luble  and the chromate is 
inso lub le ;   t hus  the f reez ing-poin t   depress ion  fs decreased as the chromite 
is  oxidized t o  chromate. 

(2) E i t h e r   o r   b o t h  the chromite  and  chromate compounds which are 
i n i t i a l l y   s o l u b l e  in t h e  melt are used up by sme o the r   p rocese ,   fo r  
example, by p r e c i p i t a t i o n  as &soluble.  oxides.  The  freezing-point 
depression  then decreases as t h e  compounds are removed from the melt. 

a, 
Lu 
00 
M 

Without  evidence t o  the contrary,  the most   probable   cause  for   the  decrease 
i n  the  f reezing-point   depression  would be removal of t h e  chromium com- 
pounds by some process  ouch as suggested in item ( 2 ) .  
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It is this process  (item (2) 1 that evokes the most interest w i t h  
r e g a r d   t o  the effect of chromium a d d i t i v e s  on the mass-transfer process .  
Other experiments carried out  at this  l a b o r a t o r y   i n d i c a t e  that the i n i -  
tial reac t ion   o f  chromium metal w i t h  sodium  hydroxide is accompanied by 
the  evolution  of  hydrogen gas. Using the rate of gas  evolu t ion  as a 
measure  of   the  rate of this i n i t i a l   p r o c e s s  showed that the bu lk  of 
chromium m e t a l  was n e a r l y  all r e a c t e d   w i t h i n  the first few hours at re- 
ac t ion   t empera tu re ;   t he re fo re  the reac t ion   shou ld  be n e a r l y  complete 
wi th in  the first 24 hours.  (This  does not apply t o   t h o s e  cases de- 
scr ibed   here in   where  part of the m e t a l  was added in the form  of lumps. 
For a given mass of m e t a l ,  the large d i f f e r e n c e  i n  s u r f a c e  area between 
lumps and 325 mesh powder would undoubtedly affect the rate of the i n i -  
t ia l  r e a c t i o n . )  It has eJso been shown that the effects of  chromium 
a d d i t i o n s  on reducing  mass t r a n s f e r   p e r s i a t  much longer   than  24 hours  
(refs. 1 and 2 ) .  Thus  one is l e a d   t o   s p e c u l a t e  on the p ropos i t i on  that 
the r e a c t i o n s   l e a d i n g   t o  the removal o r  u s ing   o f  the i n i t i a l  chromium 
products  are those r e l a t e d   t o  the r e d u c t i o n   i n  the mass- t ransfer   proc-  
ess. The next  obvious step is the i d e n t i f i c a t i o n  of t h o s e  compounds 
that p e r s i s t  for long  times  and  cause the change in the f reez ing-poin t  
depression  of the melt. They must p l a y  an important r o l e  i n  the p ro tec -  
t ive a c t i o n  of the sodium hydroxide - n i c k e l  system. 

Lewis F l i g h t  Propulsion Laboratory 
National  Advisory  Committee for Aeronaut ics  

Cleveland, Ohio,  August 10, 1955 

REFERENCES 

1. P o r e s t i e r i ,  Americo F. : E f f e c t s  of  Addi t ives  on Corrosion and Mass 
Trans fe r  in Sodium Hydroxide - Nickel  Systems Under Free-Convection 
Condit ions.  XACA RM E54E19, 1954. 

2. F o r e s t i e r i ,  Americo F., and  Lad,  Robert A. : The U s e  of Metallic In- 
h i b i t o r s   f o r   E l i m i n a t i n g  mss Transfer and  Corrosion in nicke l   and  
Nickel   Alloys by Molten  Sodium  Hydroxide. NACA RM E54LJ-3, 1954. 

3. F o r e s t i e r i ,  Americo F., and Zelezny, W i l l i a m  F. : S t a t i c  Crucible 
I n v e s t i g a t i o n  of Corrosion  and  Mass-Transfer  of  Nickel fn Molten 
Sodium Eydroxide nith V.arious Addi t ives .  NACA RM E53Fl2, 1953. 

4. von Hevesy, G.: Alkali Hydroxides. 1. T h e . B i n a r y  Systems NaOH-KOH, 
KOH-RbOH and RbOH-NaOH. Chem. Abs . , vo l .  4, no. 20, O c t  . 20, 1910, 
p. 2763. (Abs. from ZS. phys. Chem., Bd. 73, 1910, pp. 667-684.) 

5. Scarps,  Guiseppe: Thermal Analysis   of  Mixtures of Alkali Eydroxides 
w i t h  the Corresponding  Halides.  1. Compounds of  Potassium. Chem. 
Abs. ,  vol. 9, no. 21, Nov. 10, 1915, p.  2828. (Abs. *om A t t i  Accad. 
Lincei, vol .  24, 1915, pp. 738-746.) 



6 

6 

HACA RM E55H08 
* 

. Halla, F., and Tamga, H.: The State of Sodium Dissolved i n  Sodium 
Hydroxide Melts. Chem. Abs. ,  vol. 29, no. 1, Jan. 10, 1935, p. 29. 1 

(Abs. from Zs. anorg. allgem. Chem., Bd. 219, 1934, pp. 321-331.) 
7 .  Sewsrd, Ralph P . :  The S o l u b i l i t y  of Sodium Carbonate in Fused Sodium 

Hydroxide.  Jour. .Am. Chem. S O C . ,  vol .  64, no. 5, May 1942, 
p~ 1053-1054 

. 



NACA RM E55E08 7 

TABLE I. - TRANSITION TEElpERATuREs OBSERVED FOR VARIOUS 

SODIUM EYDROXIDE MELTS 

Zontainer ChrOmiUm, 

percent 
by weight 

hr 

24 
25 
24 
24 
24 
24 

3 20 
3 2 1  
3 19 
321 
318 
321 

315 
3 15 
3 17 
317 

29 6 "- 
296 -" 
295 -" 
297 . --- 
294 
29 7 

298 
296 
295 
294 

"- 
"- 
"- 
"- "- 
"e 

0 
23 
55 

Lo3 
205 
245 

23 
55 
103 
205 

17 
19 
21  
23 

w- 11 
~ ~~ ~ 

23 306 297 287 ' 9 
55 . 306 297 291 9 

103  310 297 290 I3 
205 - 312 295 -" 17  
245 316 297 - " 19 

23 304 296 28 6 8 
55 304 296 290 8 
103 308 296  287 12 
205 ' 312 296 "- 16 
245 316 297 "- 19 

144 319 296 "- 23 

96 319 296 -" 23 

~~~ ~ 

10.0 

w- 12 10.0 

7 
u- 4 96  317 295 "- 22 

96 302 296 289 6 w-7 I 12.0 

W-14 1 10.0 240 I 314 I 297 1 --- I 17 . I 
W-15 1 15.0 240 1 296 I --- I 292 1 -- I 
W-16 I 20.0 240 I 294 I --- I 290 I -- I 

Iv. value I I Z96 I 
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Figure 1. - Furnace used fo r  cooling  curve runs. Nickel  container  in plsce. 
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Figure 2. - Typical cooling curve for sodium hydroxide with no addltive m e r  103 hours at 820° C; 
container W-9. 
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Figure 4. - Change in temperature difference (freezing point minus transit ion 
point) with  time a t  the  reaction temperature. 
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Figure 5 .  - X-ray  shadowgraphs of containers shoeng mass tr,ar@fer  depqslts.. 




